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SCHEME 9. The ISIS 2^amiiiolInker. 



in« SUGAR MODIFICATIONS 




group with an ^lopriale linker can be Intrcxiuced at tbe 3' or 5' end of the oUgonucleotide, 
at the 5-posjtiDn of uiacil, position of cytosine, and N^, positions of purine, as well 
as in the phosphodicstef backbone. Each of these apptaaches, however, has limitations. The 
terminal linkers place the functional groups at the ends and thus limit recognition of a given 
site within the double helix. Linkers attached to the bases may interfei« with base pairing 
aod/or stacking interactions, and linkers anached to the backbone present chirality problems. 
At ISIS Pharmaceuticals we have developed conjugation chemistry suitable for both DNA 
and RNA modifications that i$ based on an aminolinker (2'-0-pentylamine) attached to the 
2'-0-po$ition of the sugar. 

A. CONJUGATION AT THE 2' POSITION 
1. Chemistry 

The chemistry for constructing a phosphoramidite monomer with a 2'-aminoliaker is 
based on alkylation reactions of adenosme developed by Ouinosso and Cook*^' The monomcTp 
which is designed for automated DNA synthesis, is produced by alkylation of the anion 
resulting from NaH/DMF treatment of adenosine at 0 to S'^C with N-(2-bromo- 
pentyl)phthaliinide base protection widi benzoyl chloride employing transient protection of 
5'- and 3'-hydroxyls followed liy tritylation and phosphitylation to obtain the desired phos- 
phoramidite. 

Using this 2'-aminolinker, we have conjugated various molecules'^ to oligonucleotides: 
(1) cholic acid, for uptake enhancement; (2) digoxigenin, a steroidal molecule that has 
hydrophobic pn^ities that enhance uptake, and it is also a reporter molecule in a com- 
mercially available detection system; (3) biotin; (4) fluorescein, which are reported molecules 
to study uptake; (5) pyrene; (6) acridine inteicalalors; (7) aryl azides which are photoacti- 
vatable crossllnking agents; and (8) polyamines such as spermine and pentaethylenehexamine 
for uptake snidies and also as potential cleaving molecules. 

Shown below m the oligodeoxynucleotides I and which incorporate the 2'-<7-niod- 
ified adenosine (indicated as A*). The sequence belongs to the E2 region of the bovine 
papilloma vinis-1 (BPV-l) and has demonstrated an antisensc effect. The nucleoside com- 
positions of I and II were established by HPLC analysis after die oligomicleosides had been 
cleaved by snake venom phosphodiesterase and calf-thymus alkaline phosphatase. 



h 5'CroTCTCCA«TCCTCTTCACT3' 
BPV sequence, single-site labeling 



n: 5'CrGTCTCCA*TCCTCrrCA*CT3' 
BPV, double-site labelmg 
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10. CcmJugHtioni ai the 2' positioD 



Oligonucleotides I and n were reacted with the compounds summarized in Scheme 10, each 
of which had a functional grovp reactive to an axnino group. Each of the functionalicie^ 
mentioned above was conjugated to the oligomers. He conjugation reactions woe cairied 
out in an aqueous buffer at pH 8 to 9 under standaM conditions. The conjugation yields 
varied between 70 and 90%. Tbi9 approadi facilitates multiple conjugation; a product with 
multiple labels could be synthesized and purified by HPLC. In addition, we have syntfaerazed 
oligonucleotides containing a phosphorothioate badcbone and RNA analogs witfi 2'-OMe 
groups tiiat inooiporate our 2'-aminolinker at a specific site. These derivatives arc already 
known to have either nuclease stability (Ihioates) or enhanced hybridization p]t>perties 
(2'-0Me derivatives). Conjugations to the 2'-aEninolinker were earned out from tbioaies and 
RNA mimics as well. The 2'-aminolinker provides an additicmal hamOe for conjugating 
Other functtonalfties, such as hpophilic groups to improve membrane tianspoit properties or 
nucleic acid cleaving agents. 

2. Biopbysical Studies 
a. Thewmai Meit Atiafysls 

First, tlte eflifict of the 2'-aminolinker alone was studied;^ a 17-mer oligonucleotide 
(GGA*CXX3GA*A*GGTA*CGA*G) incorporating five 2'-0-anuiiopentoxy modifications 
was synthesized and purified. On melting against DNA, a net destabiUzation of 6.rC was 
observed which averages to — 1.2KVinodiBcation. Against RNA, at the same time, a net 
stabilization of I.IX was noted which translates to 0.22^C stahiliration/modification. Sim- 
ilaiiy the ISIS 1570 oligonucleotide phosi^iofothioale crGGGA^CCA*TA«CGA^KXK9 
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TABLE 2 

Duplex Melting Temperatare of the 2'* 
Co^fugates (a the BPV Oligonucleotide 

(Against DNA) 

I: S'-CTG TCT CCA*TCX TCT TCA CT-3' 
H: S'-CTG TCT CCA*TCC TCT TC!A*CT.3* 
III: S'-CtG TCT CCA TCC TCT TCA CT-3' 
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-1.3 


IID 


Digoxigenin coajugsLte 


53 .g 


-1,6 


WF 


FluoresceiD conjugate 


53.4 


-l.fi 


np 


Pyreoe coojugaie 


65.1 


+ 4.1 


OA 


Acridmc coojugale 


5a.i 


+ 1.2 



T„ Iwffer wed = 100 mM NaO, 10 fflAT Na^PO^. 
0.1 mil/ EDTA^ pH 7.D. 

Compared fo the modified Ollgo I or H as appiapriate. 



was synthesized replacing all four adenosines with (he aminolinker containing adenosine. 
The resultant 1 8-ma- oligonucleotide had the same T„ as the patent thioate against the RNA 
complementary stzand. Thus, in antisense s^plications^ a 2'-aminolinjker does not affect 
duplex hybridization and even offers some small stabilization. 

Second, the conjugates from oiigonucleotldes I and H were sttidied (Table 2). In thermal 
melting studies** agahist complementary DNA, we have observed ceariy 2 to 3°C dcstabil- 
izatioQ for substihients like biotin, fluorescein, digoxigenin, and cholic acid. Even large 
steroidal molecules exhibit only modest desiabilization. The destabilization observed Is less 
pronounced than for the base and backbone modifications mentioned eadier. Ftmh^Qie, 
the destabilizing effects are nat additive: AT^modification is less for doubly conjugated 
oligonucleotides than for singly modified oligonucleotides. 

In the case of pyrene and acridinc conjugates, enhanced duplex stabiUty has been 
observed. The stabilization wag significant in pyiene conjugates (4*tymodification) and 
matgmal hi the case of acridine conjugates (0,5 to mniodification). although this difference 

may be due to different lengths of the groups involved between acridine and the 

used vs. pyrene and the aminolinker (longer Imker in the second case). We are pursuing 
NMR and otfier spectroscopic (fluorescence quenching) gtudies to confinn intercaladon of 
tbese ligands in duplexes. 

In the cases of pyrene and fluoresoem modiflcations m single strand oligodeoxynude- 
OMCs, fluorescence properties were found to be additive; in single strand conjugates like 
^ ooe derived ftum oligonucleotide n shown above, there was no Ouorescenoe quenchhsg 
of one chromophote by the other. 
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